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Attempts were made to examine the ichthyotoxicity of paralytic shellfish poison (PSP) in sixteen species of marine and freshwater fishes. Most of them showed minimum lethal doses (LD100) ranging from 1-8 MU/20g body weight when injected with a partially purified PSP intra peritoneally. Exceptionally, several fishes such as a goby Acanthogobius flavimanus (LD100, 9-17 MU/20g) and puffer Fugu niphobles (14-29 MU/20g) were resistant significantly. On the other hand, all the fishes tested showed much higher resistibility against PSP when administered orally: e. g., the LD100 value was 320-400 MU/20g in rainbow trout Salmo gairdneri and >400 MU/20g in tilapia Tilapia nilotica, 540-600 MU/20g in flatfish Limanda herzensteini, and > 1,700 MU/20g in tigerfish Therapon jarbua. This indicates that the fish generally is endowed with some defense mechanism against PSP.
The dinoflagellate plankton Protogonyaulax spp. elaborate paralytic shellfish poison (PSP) which often toxifies plankton feeders such as bivalves and ascidians.1,2) They may, in turn, intoxicate, or even kill, humans when ingested.
On the other hand, a mass mortality of fish, associated with Protogonyaulax-dominant red tides, has sometimes been observed: i. e., Atlantic herring Clupea harengus harengus8) and winter flounder Pseudopleuronectes americanus.4) In ad dition, WHITE5) examined the lethal potency of PSP in several marine fishes, finding that those fishes were significantly more resistant to this toxin on oral than intraperitoneal administration. The mechanism involved remains to be solved.
Under these circumstances, we examined the ichthyotoxicity of PSP in various species of marine and freshwater fishes, as a step to elucidate the "defense mechanism" of this kind in fish.
Materials and Methods

Materials
Live specimens of eleven marine and five fresh water fishes were used, the details of which are shown in Tables 1 and 2 Table 2 . Freshwater fish specimens used a feed immediately after administration. All other fishes were administered by the second method: the same rainbow trout feed as above (0.05g per fish) was pulverized, mixed with an adequate volume of a PSP solution, and kneaded well. The resulting PSP paste was orally ad ministered by means of a cannula.
After being administered, each specimen of fish was transferred into an aerated aquarium, ob served for 2h at the maximum, and the signs evoked as well as death times recorded. The minimum lethal dose (LD100) of PSP in each species of fish was determined from those data.
Results
Marine Fish
The results obtained are shown in Table 3 . On intraperitoneal administration, some fish began to swim vigorously and irregularly after only a few minutes.
Then, they laid down, losing equili brium. Convulsions and gaspings with the opened mouth were also accompanied depending upon specimens. In addition, some specimens which survived finally exhibited to lesser extent the same signs.
The intraperitoneal administration of PSP Table 3 . Minimum lethal doses (LD100) of PSP in marine fishes administered intraperitoneally and orally darkened the body color in the anchovy, horse mackerel, girella, etc. Conversely, the body color was turned white in the mackerel, mullet, etc.
It was noted that the pufferfish and filefish did not move vigorously even after being administered (i. p.) at levels beyond LD100. Instead, they gra dually lost equilibrium, and died quietly.
The minimum lethal doses of the fishes tested were found to fall within a range of 1-2 MU/20g body weight, except for the goby (9-17 MU/20g) and pufferfish (14-29 MU/20g).
On oral administration, the fishes showed es sentially the same signs as on the intraperitoneal. The change in body color induced was darkening in the horse mackerel and filefish, but was whiting in the mackerel.
The five fishes tested elicited fairly high LD100 values. A remarkably high value (> 1,700 MU/ 20g) was encountered with the tigerfish, followed by the filefish (640-700 MU/20g) and flatfish (540-600 MU/20g).
Freshwater Fish
The results obtained are presented in Table 4 . On intraperitoneal administration, the signs ob served were similar to those with the marine fishes described above: e. g., at a few minutes after ad ministration, there occurred vigorous swimming, followed by losing equilibrium and laying down. The body color was turned white soon after being administered, throughout the five freshwater fishes tested. Their minimum lethal doses were mostly 1-8 MU/20g body weight. The LD100 of silver salmon was somewhat higher, 7-12 MU/20g body weight. The signs induced by the oral administration were almost the same as those on the intra peritoneal.
The LD100 values were generally high: e. g., 320-400 MU/20g in rainbow trout, and >400 MU/20g in tilapia.
Discussion
Most of marine and freshwater fishes tested showed LD100 values of 1-8 MU/20g body weight when administered intraperitoneally.
The values are rather comparable to, or somewhat larger than, that of mouse, 1 MU/20g.
It was noted that several fishes such as the goby (9-17 MU/20g) and pufferfish (14-29 MU/20g) were clearly more PSP-resistible.
In this connection, some speci mens of the same lot of the pufferfish as used in the ichthyotoxic test were assayed for the toxicity (as tetrodotoxin) of tissues. The results showed that the livers exhibited an average toxicity of 63 MU/g.
Tetrodotoxin-containing animals such as the California newt Taricha torosa,7) a goby Gobius criniger,8) and a xanthid crab Atergatis fioridus,9) are also featured by a high PSP-resistibility. The present results with the pufferfish agree well with this. Incidentally, the high PSP-resistibility of the goby Acanthogobius flavimanus seems unique in this respect.
All the fishes tested here were much higher PSP-resistible when administered orally. Parti cularly remarkable were the tigerfish (LD100 > 1,700 MU/20g), filefish (640-700 MU/20g), and flatfish (540-600 MU/20g).
Two freshwater fishes, rain bow trout (LD100, 320-400 MU/20g) and tilapia (>400 MU/20g), were also significantly resistible to PSP.
It follows therefore that LD100 (oral) is several score-to several hundred-times larger than LD100 (i. p.), depending upon the species of fish tested.
In connection with this, LD100 (oral) is about 30 
